The coastal region of the Suez Gulf, is one of the most densely industrialized zones in Egypt. In order to assess the quality of Suez Gulf coastal waters for the sustainable use and development, and consequently for the national income, 12 field campaigns were carried out in 3 years (2011)(2012)(2013). The results of beach litter cleared out that the shoreline of the Suez Gulf, especially Ras Gharib area was subjected to many factors which undoubtedly affected the rate of man-made litter accumulation. The most abundant visible items were general litter as they represented 30.64% of the total items encountered. Oil, seaweeds as well as old and new tar constituted 15.41%, 14.85% and 11.84%, respectively. The increase on the levels of water temperature, Chl-a, TSM, DO, BOD, DOM, COD, ammonium ion, nitrite, nitrate, total phosphorus, silicate and total nitrogen developed a eutrophic region. In general, dissolved inorganic nitrogen (DIN) species were almost 9 times higher in the northern parts compared to the southern ones revealing that the northern parts of the Gulf were more affected by human impacts compared to the southern area. Moreover, concentrations of most studied metals such as Zn, Mn, Ni, Cu, Cr, Cd, Pb, and Hg were higher in Northern parts compared to southern parts of the Gulf. The concentrations of dissolved metals in the northern and southern Suez Gulf followed the following order: Fe  Zn  Cu > Pb > Mn > Ni > Cr > Cd  Hg. Except for Hg, concentrations of metals were in the acceptable ranges recommended internationally. Hg concentrations especially in the northern Suez Gulf were slightly higher than the permissible levels. As the northern parts of the Gulf were more suffered from oil pollution, total petroleum hydrocarbons revealed higher concentrations in the northern parts compared to the southern parts of the Gulf. Seasonal variations, on the other hand, indicated higher levels of DO, BOD, DOM and COD, chloropyll-a, TSM, ammonia, nitrate, total nitrogen in winter compared to their corresponding 
values in summer. In general, the majority of TN and TP in winter were in the form
Introduction
Contamination of the Egyptian marine environment in the Red Sea is one of the environmental crises that accompany with the rapid economic development and has become a subject of great deal of research in recent years [1] - [14] . The coastal region of the Suez Gulf, is one of the most densely industrialized zones in Egypt. The sustainable use of coastal and ocean resources is linked to public health, food security, and economic and social benefits, including cultural values and traditional livelihoods. More broadly, these elements are understood as decisive elements for the alleviation of poverty. Therefore it has been considered as the area the most at risk of pollution in the Red Sea, particularly oil pollution since the most important economic activities in the region revolve around the petroleum, petrochemical and fertilizer industries. The northern area is receiving a heavy load wastewater from industrial and sewage effluents that generate impacts that cumulatively affect the health of these critical marine ecosystems and ultimately their economic development [15] [16] . Most of these pollution problems which lie mainly in the coastal zone are changing the configuration of the coastline [17] [18] [19] . It is now well accepted that the local impacts of these landbased sources are in synergy with the negative impacts of coastal tourism, ship-based sources including discharges of oily ballast water, tank washings by vessels, operational and accidental spills, leaks from vessels in addition to other forms of ship-generated wastes, i.e. oily sludge, bilge water, garbage and marine debris [20] - [29] , as well as the improper resource management in conjunction with a lack of law enforcement, land use practice taking advantage of the site location. The magnifying effect of all these types of stressors is considered a hindrance to sustainable development of the marine resources in the Gulf of Suez. There is compelling evidence that these pollutants and related synergistic effects, despite the significant progress made over the last decade through investments to control pollution from these sources, can cause disease and mortality in sensitive species, disrupt critical ecological functions, cause trophic structure and dynamics changes (i.e. eutrophic conditions), and impede growth, reproduction, and larval settlement [30] [31] [32] .
The importance of identifying the extent of and reducing these effects with the accelerated public interest in preservation of the environment, and restoration of those areas has now become crucial. There has been increased activity in biological and ecological research on the effects of pollution on the marine environment, particularly in coastal waters [18] - [21] [31]- [34] . The interest in preservation of the coastal environment has been reflected in various national and international workshops and conferences that have taken place [5] [6] [17] [19] [25] [35] - [40] .
It is now well accepted that the solution of these marine pollution problems is only achieved through legislative actions combined with strong backing by scientific research and monitoring programs and due to the importance of the area for tourism, fisheries, oil and other industries and the consequence importance for national income, and in order to assess pollutants and impacts of environmental changes in the coastal region of the Suez Gulf, an environmental information and monitoring program (EIMP) was established since 1998. The main objective of this paper is to assess the quality of Suez Gulf coastal waters for the sustainable use and development, and consequently for the national income.
Material and Methods

Study Area
The Gulf of Suez is a relatively young rift basin, dating back 40 million years. It stretches some 280 km to north, terminating at the City of Suez which is the entrance to the Suez Canal ( Figure 1 ). It is relatively shallow, with a maximum depth of about 64 m; outside its mouth the depth drops sharply to about 1255 m. It has a relatively flat bottom with a depth ranging between 55 and 73 m. Hence, the Gulf spreads a shallow basin filled with the surface water of the Red Sea. The climate is arid, with a yearly average net evaporation of 10 mm/day. Winds blow mainly from the north-northwest direction throughout the year. Rainfall in the region is extremely sparse and localized.
The sources and causes of water pollution in Suez Gulf Region can be categorized into: sewage, persistent organic solids, radioactive material, heavy metals, oils (hydrocarbons), nutrients, sediment mobilization, and litter. The mid-western side is locating under the direct effect of sewage wastes and petrochemical effluents of Ras Gharib city. Whereas, the human impact on the eastern (Sinai Peninsula) and southern (El Tour city) sides are still insignificant due to the low population there. For this reason great and rapid development were taken place on these two sides as natural recreational areas for tourist trades and consequently national income.
Sampling
Within the framework of EIMP, 12 field campaigns were carried out in 3 years (2011-2013). A total of 108 coastal water samples were seasonally collected, in duplicate, during March, May, August and October of 2011-2013. Eight coastal sampling stations were selected to represent the different locations situated under the direct effect of human activities, public resort beaches, some protected and reference sites (Figure 1 ). The latitude and longitude of each station is given in Table 1 . Duplicate water samples from each stations were collected at 50 cm depth below the water surface to avoid the floating materials using a high quality and Purified PVC Niskin's bottle to estimate hydrochemical parameters, i.e., water temperature, salinity, pH, dissolved oxygen etc., eutrophication parameter, i.e., chlorophyll-a, nutrient salts, heavy metals, i.e., Zn, Mn, Ni, Cu, Cd, Co, Pb, etc., and total petroleum hydrocarbons.
Methods
Hydrographic Parameters
The hydrographic parameters (water temperature, salinity, pH, Transparency, dissolved oxygen (DO) were measured in situ at each station using CTD (YSI-6000) Transparency was measured by Secchi Disk. Dissolved oxygen was also measured using modified
Winkler method [41] . Biological oxygen demand (BOD) samples were kept in incubator and fixed after 5 days and their DO contents were determined. Dissolved organic matter (DOM) was carried out using potassium permanganate according to the method described by [42] , and chemical oxygen demand (COD) was determined by the dichromate closed reflux titrimetric method [41] .
Chlorophyll-a, TSM, Transparency, and Nutrient Salts
Chlorophyll-a (Chl-a) was measured in 3L water samples after collection and filtration by using 0.45 µm filters. Chl-a was extracted using 90% acetone and measured spectrophotometerically according to [43] . Ammonium ion concentrations were determined according to [44] . Nitrite, Nitrate, reactive phosphate and reactive silicate concentrations were determined on pre-filtered seawater samples (Whatman GF/C) following the sepectrophotometric techniques described by [43] [44] by using HACH DR-2000 direct reading spectrophotometer. Total P and total N were estimated in unfiltered water samples following the procedure described by [45] . Total suspended matter (TSM) was collected from 3 L seawater samples by filtration through washed, dried and preweighed 0.45 µm membrane filter. The filters with the retained particles were washed then air dried in the oven at 60˚C for 24 -48 hours until constant weight. The difference between the dry weight of membrane filters before and after filtration was expressed in mg/l [43] . Transparency was measured by Secchi Disk. Transparency was measured by Secchi Disk. The concentration of dissolved inorganic nitrogen (DIN as the sum of NH 4 -N + NO 2 -N + NO 3 -N) was calculated.
Heavy Metals
Dissolved heavy metals, i.e. Fe, Mn, Cu, Zn, Cd, etc. were determined after pre-concentration from seawater by using chelex-100 cation-exchange resins according to [46] [47]. Measurements were done by using the atomic absorption spectrophotometer (AAS)/flame mode (Shimadzu AA-6800).
Petroleum Hydrocarbons
Petroleum hydrocarbons were extracted from seawater samples by using dichloromethane. Sample extracts were concentrated by rotary evaporation to 5 ml. Finally, samples were concentrated under a gentle stream of pure nitrogen to a final volume of 1 ml, then measured using UV-spectrophotometer at 410 nm emission after excitation at 360 nm and chrysene as standard [48] .
Quality Control
Calibration curves for each variable of nutrient salts and heavy metals were constructed of a blank and four or more standards (Merck Germany). Accuracy and precision were confirmed using synthetic samples and/or reference materials of different nutrient salts and metals and measured every five samples as quality control tools. 
Statistical Analysis
Results and Discussions
Visual Observations
Beach litter of lumps of new and old tar, oil, feces, sewage disposal, general and harmful liters as well as seaweeds of coastal beach zones especially those used for recreational purposes including pollution index and the magnitudes of pollution for respective items [15] are assessed by eyes according to: none, light, moderate and heavy, allocating respective scores ranging from "0" to "3" ( Table 2 ).
The results of Table 3 of respective years and annual average monitoring for the density, composition, and distributions at different stations cleared out that the shoreline of the Suez Gulf, especially, Ras Gharib (SU06) area was subjected to many factors [50] . Despite of that the northern parts of the Gulf were still more affected (0.84) by human impacts compared to the southern area (0.73). In fact, the beach tar has been found to be a good estimator of levels of oil contamination and an effective means of evaluating the potential threat of oil on coastal resources [26] - [29] . Stations with a higher pollution index are largely consistent with the areas of oil or natural gas field. In general, the most abundant visible items were general litter as 
Hydrography
The results of water temperature, salinity dissolved oxygen and pH (Table 4) , measured at each station by using the CTD (YSI-6000) revealed that the maximum water temperature was 32.21˚C in August, 2012 at Mena Sukhna (Su04); while the minimum 
B -Seasonal
Winter Summer condition (7.14 mg/l) in the whole investigated area. The saturation values are in the range of 72.85% to 171.0% of oxygen depending on temperature and salinity values ( (Figure 2(B) ). However, BOD, DOM, and COD distribution in winter showed significantly higher values (1.52 -6.48) with an average value of 3.27 mg/l, (0.64 -3.84) with an average value of 2.04 mg/l, and (4.54 -12.27) with an average value of 9.52 mg/l, respectively than that of summer. DOM and COD seasonal variations in coastal surface waters of Suez Gulf were mimic to their corresponding of BOD (Figure 2(B) ). According to the Environmental Egyptian law (92/2013), the permissible COD discharge limits (100 mg/l) are much higher than the measured concentrations.
3.3.
Chlorophyll-a, TSM, Transparency, and Nutrient Salts
Chlorophyll-a and TSM, Transparency
In general, the results of Chl-a and TSM in the Suez Gulf showed remarkable regional variations ( Table 5 (Table 5 ). Figure 3 (A) cleared out that Chl-a and TSM levels were higher in the Northern parts (2.22 μg/l, and 38.69 mg/l, respectively) compared to southern parts (0.67 μg/l and 22.92 mg/l, respectively) of the Gulf. On contrast, seechi disk measurement were higher in the southern parts (6.6 m) compared to the northern parts (4.39 m). In general, secchi disk transparency reached bottom depth at most stations. Seasonal variations (Figure 3(B) ) showed concentrations of chlorophyll-a ranging from 0.12 to 9.85 μg/l with an average value of 1.96 μg/l and from 6.99 to 105.61, with an average value of 33.86 mg/l, respectively in summer. However Chl-a and TSM distribution in winter showed significantly lower values (0.11 -5.32) with an average value of 1.50 μg/l, and (2.81 -42.75) with an average value of 21.20 mg/l than that of summer. The pronounced increase in water temperatures that results in an increase in the rate of phytoplankton growth in addition to the discharge of wastewater are the main factors responsible for such increase in both chlorophyll-a and TSM in summer. In general, the (Figure 3(B) ). Despite TSM values were lower than the maximum permissible limit of law 4\94 that TSM 25 mg\l, yet it was at the borders in August 2012 at Su02 which is most probably attributed to the discharge of huge amounts of wastewaters from El-Kabanon drain (approximately 120,000 m 3 /day), from the city of Ras Gharib, Raks beach and Attaka port. The outflow of wastewater is not free from the suspended matters [3] 
Nutrient Salts
The concentration of nitrogen and phosphorus are known to play a key role in determining the ecological status of aquatic systems [57] . These nutrients in excess may leads to diverse problems such as an increase in the occurrence and extent of algal blooms, loss of oxygen, taste and odour problems, fish deaths and loss of biodiversity.
Nutrient enrichment seriously degrades aquatic ecosystems, impairing the use of water for drinking, industry, agriculture, recreation and other purposes [58] . On contrast to most of the Red Sea water which is considered oligotrophic, the coastal waters of the Suez Gulf especially the northern parts are nutrient-rich [3] [4] [6]- [8] . The results of the present study (Table 5) indicated that dissolved inorganic nitrogen concentrations were quite high especially in the northern parts of the Gulf. 
B -Seasonal
Winter Summer 
Winter Summer concentrations of dissolved inorganic nitrogen forms in the northern Suez Gulf followed the following order: NO 3 > NH 4 > NO 2 , while in the southern parts it was: NH 4 > NO 3 > NO 2 . In general, dissolved inorganic nitrogen (DIN) species were almost 9 times higher in the northern parts compared to the southern ones. Ammonia, nitrite and nitrate represented 39.6%, 7.1%, and 53.2%, respectively of DIN, whereas these percentages were 70.4%, 5.0%, and 24.6%, respectively in the southern parts of the Gulf. The high value of nutrients in the Gulf was mainly attributed to the fertilizer waste from El-Nasr fertilizer factory and sewage waste disposal from El-Kabanon drain [3] [6] [7] [10] [11] . However, the higher percentages of ammonia in the southern parts are due to the relatively lower concentrations of DO and the direct discharge of industrial, agri- were in the form of organic-N (87.2%) and organic P (94.1%). These percentages were 77.8% and 37.3%, respectively in summer. The lower concentrations of silicate during winter compared to summer were owing to its consumption by diatoms and radiolarian. Dissolved inorganic nitrogen (DIN) and PO 4 -P are the main forms of N and P that are bioavailable for the growth of phytoplankton. Smith [61] found that phytoplankton yield depends mainly on N/P ratio; ratio > 15 -17 was indicating that phosphorus was the critical controlling factor, from <9 
Heavy Metals
The ranges and mean concentrations of the studied heavy metals, namely, Fe, Zn, Mn, Ni, Cu, Cr, Cd, Pb, and Hg are given in Table 6 . The results of the present study (Table   6 ) indicated that concentrations of most studied metals were quite high especially in the 
Petroleum Hydrocarbons
Total petroleum hydrocarbons in Suez Gulf ranged from 0.56 and 2.38 µg/l with an average of 1.35 µg/l ( Table 6 ). The maximum concentration in all studied locations was measured for Suez north (SU01) and the minimum one was observed at Suez south (SU03). The coastal waters at the northern parts are more suffered from oil pollution Cd, Cr, Pb, Cu, Hg and PHC. The output data revealed that ten factors (PC1-PC8) affected parameters distributions, association and sources, with cumulative covariance of 72.02%. Varimax rotation components matrix is given in Table 8 to give an overview on the nature of loading among the parameters. 
Conclusions and Recommendations
Based on the results of the present study, one can safely conclude and recommend that:
1) The results of respective years and annual average monitoring for the density, composition, and distributions at different stations cleared out that the shoreline of the Suez Gulf, especially, Ras Gharib area was subjected to many factors which undoubtedly affected the rate of man-made litter accumulation including heavy shipping traffic, intensive commercial fishing, settlement and fast growing communities, etc. Despite of that the northern parts of the Gulf were still more affected by human impacts compared to the southern parts.
2) Most of the hydrographic parameters, e.g. salinity, pH, etc. showed noticeable local variations and concentrations of pollution indicators such as BOD, DOM and COD, etc. are relatively high and varied according to the distance of the different sites from the effluents.
3) Based on the annual average of the three years, high Chl-a, TSM, and nutrient salts concentrations were generally encountered and reflected eutrophication signs at the coastal water of the Aqaba Gulf. 
